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Observation of 3D Heisenberg— like ferromagnetism in single crystal Lao.srsSro.^MnCh 
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We report measurements and analysis of the magnetic critical phenomena in a single crystal of 
Lao.875Sro.i25Mn03. The critical exponents associated with the ferromagnetic transition have been 
determined from ac susceptibility and dc magnetisation data. Techniques like the Kouvel— Fischer 
plots, modified Arrots Plots and the critical isotherm analysis were used for this purpose. The values 
of the the exponents 7, (3 and 8 obtained are found to match very well with those predicted for the 
3D Heisenberg model. Our results are consistent with recent numerical calculations and suggest 
that though the double exchange interaction is driven by the motion of conduction electrons, the 
effective magnetic interaction near the transition is rcnormalized to a short range one. 

PACS numbers: 75.47.Lx, 75.40.Cx, 64.60.Fr 



A universality class (based on the dimensionality of the 
lattice and the order parameter) is assigned to a system 
depending on the values of the assymptotic critical ex- 
ponents that characterises the phase transition lj. This 
practise of assigning such universal classes based on theo- 
retical spin— spin interaction models (like the Heisenberg, 
mean field or the Ising ) has been extremely useful in 
trying to discern the intricacies of magnetic transitions 
in real systems. 

The nature of the para— ferro magnetic phase transi- 
tion in mixed valent manganites of the general formula 
Lai_2;A x Mn03 (where A is a divalent atom) is an area 
where the findings of experiments are yet to converge 
with theoretical models. The nature of the phase transi- 
tions in this class of materials was qualitatively explained 
by the Double exchange (DE) interaction^, which orig- 
inates from the motion of conduction electrons, and its 
coupling with spins localised at the lattice. Thus these 
materials provide us with a unique class of strongly corre- 
lated electron systems where the lattice, charge and spin 
degrees of freedom are strongly coupled. It is interesting 
to determine how the kinetics of electrons which favour 
extended states affect the critical fluctuations and renor- 
malizes the DE interaction in the vicinity of the phase 
transition. 

Though metallicity and ferromagnetism run concur- 
rently in the basic DE model, perturbations like large 
lattice distortions can cause the mixed valent manganites 
to be insulating. This was aptly illustrated in the opti- 
mally doped system La .67Mgo.33Mn03, where no metal- 
licity was observed in the vicinity of the ferromagnetic 
ordering temper atureQ- Though the values of the ex- 
ponents determined were seen to match very well with 
the isotropic 3D Heisenberg model, lack of metallicity 
in this system implies that this would not be a suitable 



candidate to establish the nature of ferromagnetism in a 
canonical DE system. 

As far as metallic DE systems are concerned, the re- 
sults of critical exponent measurements have been ex- 
tremely inconclusive. In systems with hole doping > 
10%, which is necessary to observe a DE driven phase 
transition, the values of the critical exponent associated 
with magnetisation (/?) is seen to vary from 0.370 to 
0.50@. This encompasses the values of the exponent as 
predicted by the 3D Heisenberg , the 3D Ising and the 
mean field models, making it difficult to ascertain the 
universality class to which these systems belong. Besides 
the above mentioned values which were determined us- 
ing bulk magnetic measurements, the values of the criti- 
cal exponents determined using other techniques like mi- 
crowave absorption [||, microwave surface impedance^] 
and neutron diffraction^ have also varied, adding to the 
ambiguity in this issue. 

The quality of the samples used in the study of critical- 
ity in this class of materials is a probable culprit for the 
present state of affairs. These samples are notoriously 
inhomegenous, thus causing a smeared transition (with a 
distribution of Tc's), which leads to erroneous determi- 
nation of the assymptotic critical exponents. Thus, it is 
imperative that homogenous single crystals be used for 
experimental investigations of this nature. 

In an attempt to resolve the inconsistencies existing in 
literature, and to determine the nature of ferromagnetism 
in metallic DE manganites, we have done ac suscepti- 
bility and dc magnetisation measurements in the criti- 
cal region of a high purity single crystal of orthorhombic 
Lao.875Sro.i25MnC>3. The samples were prepared by the 
standard Solid State Route using 99.999% pure La2C>3, 
SrCC>3 and MnC>2. Single crystals were grown using a 
four mirror floating zone furnace under 6 — 8 atmospheres 



2 



of an Ar/C>2 mixture. The crystallographic phase purity 
was checked repeatedly by X ray diffraction, and the sam- 
ples were found to be of single phase. The oxygen sto- 
chiomctry of this sample was found to be 3.00±0.02. The 
chemical homogenity of the sample was checked using 
EPMA and variation was found to be within 1%. Futhcr 
details of sample preparation can be found in 

Dc magnetisation and ac susceptibility measurements 
were carried out using home made setups 0,0]. In the 
critical region, the temperature was controlled to an ac- 
curacy of 0.01K using commercial Lakeshore controllers 
DRC93CA and 340. All the measurements were made 
with the applied field parallel to the ab plane of the crys- 
tal. The low field linear region of M— H scans were used to 
determine the value of the demagnetisation factor, which 
in our case was found to be 0.22. All the data used for 
determining the critical exponents were duly corrected 
for the demagnetisation fields. 

The composition Lap s7 .=)Srn issMnOa has been exten- 
sively studied in the past [121, and is reported to show 
two transitions in reasonably close succession, a paramag- 
netic insulator— ferromagnetic metal transition, followed 
by another low temperature transition to an insulating 
state. This state is now being explained by invoking 
Dolaronic|l3j and orbital ordering|l4j models. However, 
in this study, we have concentrated on the higher tem- 
perature transition which is likely to be driven by the DE 
interaction. Figure 1 shows the real part of the first order 
ac susceptibility and the dc magnetisation measured in 
this sample where the two transitions mentioned above 
are clearly seen. 

Conventional methods of analysing the critical region 
involves the use of Arrot plots These M 2 Vs H/M 
isotherms should be straight lines in the critical region, 
with a zero intercept at T=Tc- The intercepts for T<Tc 
and T>Tc is then used to determine the saturation mag- 
netisation (Ms) and the inverse susceptibility (1/xo) re- 
spectively. It is to be noted that this method implic- 
itly assumes mean field values of the exponents, and a 
more general form of analysis (called the modified Arrot 
plots) involves plotting M 1 /' 3 Vs (H/M) 1 / 7 in the critical 
region 16] . However, these methods do tend to introduce 
some systematic errors due to the presence of two (/? and 
7) free parameters in the fitting procedure. 

We have circumvented this problem by using low field 
ac susceptibility measurements in the critical region to 
determine 7. Low field ac susceptibility is an extremely 
useful tool in the study of a para— ferro phase transi- 
tion, as it enables us to directly determine the true initial 
susceptibility (xo), which otherwise has to be estimated 
from the extrapolation of data measured at high applied 
fields 0] which besides supressing effects like inhomoge- 
niety in the sample can mask the true critical beahviour 
of the system. This is specially important in systems like 
the hole doped manganites where short range correlations 
are known to exist till temperatures as large as 2T(?[18|. 



Also, the Kouvel— FischeriKF) |19j analysis can then be 
used to independently estimate both the transition tem- 
perature (Tc) and 7. Ac susceptibility data analysed 
using the KF formalism (l/xod/dt(xo^ 1 ) Vs T) is shown 
in figure 2. We have obtained 7 = 1.38 which matches 
very well the isotropic 3D Heisenberg value of 1.386. It 
is to be noted that to the best of our knowledge this is the 
first report of a KF analysis of low field ac susceptibil- 
ity in this class of materials. The fact that a reasonable 
fit could be obtained to the low field data adds credence 
to our claim that the sample used is homogenous and of 
good quality. 

Modified Arrot plots based on the equation of state 

(g)V7 = a ( T - r g) +6M l/g 
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is shown in figure 3. The value of 7 determined us- 
ing the KF analysis of ac susceptibility is used, and 
(3 is varied continously, so as to obtain isotherms al- 
most parallel to each other in the critical region. These 
isotherms are curved at low fields, as they represent aver- 
aging over domains which are magnetised over different 
directions [i^. However, at higher fields, the isotherms 
are straight lines, and the best fit was obtained with 
a value (3 = 0.37. The value of (Ms) determined by 
the intercepts of the modified Arrot plots in the region 
T<Tc is then analysed using the Kouvel Fischer for- 
malism(plotting Ms{dMs/dT)~ l Vs T) to reconfirm the 
value of (3. As is shown in fig 4, a good fit was obtained 
, with a value (3 = 0.372. 

Fig 5 shows Ln(M) plotted as a function of Ln(H) (us- 
ing the critical isotherm) , the inverse slope of which is 
used for determining the value of the critical exponent 
5. We obtain a value of S = 4.72, which matches very 
well with the one(<5 = 4.709) determined by using the 
Widom scaling equation S = l+j/f3. A chart comparing 
the values of the exponents which we have obtained with 
those reported in literature for metallic double exchange 
systems is shown in table 1. As is clearly seen, we have 
obtained values which match very well with the isotropic 
3D Heisenberg values. 

It has been shown analytically 22] that if in a 3D fer- 
romagnet, the effective exchange interaction J(r) decays 
with distance (r) at a rate faster than r -5 , then the short 
range (Heisenberg like) exponents are valid. However, if 
J(r) decays at a rate slower than r -4 5 , then the classical 
(mean field like) exponents are valid. According to the 
theory of Double exchange, the effective ferromagnetic in- 
teraction is driven by the kinetics of the electrons which 
favour extended states, and hence one would expect a 
(long range) mean field like universality class. However, 
recent numerical calculations |U I24I liq show that the 
exponents in the DE model are consistent with those of 
the isotropic short range 3D Heisenberg model. 

Our results match well with these calculations and 
are the first of its kind to show unambigously that the 
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TABLE I: Values of the exponents j3, 7 and S as determined from the Kouvel-Fischer analysis of the first order susceptibility, 
modified Arrot plots, and the critical isotherm. The values determined by the earlier workers in similar metallic double exchange 
systems and that expected for various universal models is given for the sake of comparison. 



Composition 


Ref. 


Technique 


P 


7 


5 


Lao.875Sr .i25Mn03 a 


This work 


Bulk Magnetisation 


0.37 ±0.02 


1.38 ±0.03 


4.72 ± 0.04 


Lao.rSro.aMnCV 


m 


Bulk Magnetisation 


0.37 ±0.04 


1.22 ±0.03 


4.25 ±0.2 


Lao.rSro.aMnCV 




Microwave absorption 


0.45 ±0.05 






Lao.rSro.aMnCV 


M 


Neutron diffraction 


0.295 ±0.004 






Lao.sSro^MnOa 6 


15] 


Bulk Magnetisation 


0.50 ±0.02 


1.08 ±0.03 


3.13 ±0.20 


Lao.gSro^MnCV 


w 


Microwave surface impedance 


0.45 ± 0.05 






Mean Field Model 


[16] 


Theory 


0.5 


1.0 


3.0 


3D Ising Model 


[16] 


Theory 


0.325 


1.241 


4.82 


3D Heisenberg Model 


[16] 


Theory 


0.365 


1.386 


4.80 



"Single Crystals 
'Polycrystals 



para— ferro phase transition in metallic manganites fall 
into the isotropic short range 3D Heisenberg universality 
class. The consistency of the exponent values determined 
using low field, and high field magnetisation data ensures 
that the values are intrinsic to the system and are not 
arising due to any artifacts in the measurement or fitting 
processes. The 3D Heisenberg like values of the critical 
exponents thus imply that the effective interactions in a 
canonical DE model are relatively short range near the 
transition. This is important in the context of phase sep- 
aration models being used to explain various intruiging 
features of the hole doped manganites 26] . This intrinsic 
phase separation (into hole rich and hole poor regions) 
could possibly be the reason for the short range nature of 
the magnetic interactions, and hence the 3D Heisenberg 
like values of the critical exponents. 
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FIG. 1: The real part of the first order susceptibility 
measured as a function of temperature for the sample 
Lao.875Sro.i25MnC>3 at a exciting frequency of 133.33 Hz and 
a driving ac field of 0.92 Oe. The inset shows the dc magneti- 
sation measured at a field of 3.42 Oe. 

FIG. 2: Kouvel Fischer Plots of the real part of the first order 
susceptibility for the sample Lao.875Sro.i2sMn03. The inverse 
of the slope gives the value of the susceptibility exponent (7), 
and the intercept on the temperature axis provides the tran- 
sition temperature (Tc)- We have obtained 7 = 1.38 and 
Tc = 186K. Increasing non linearity cause deviations from 
the stright line fit close to the transition. 

FIG. 3: Modified Arrot plots using the equation of 
state(||) 1/7 = a (T ~/ c) + bM 1/f) . We have used 7 = 1.38, 
and the best fit was obtained with f3 = 0.37. All the isotherms 
measured in the critical region has not been shown for the sake 
of clarity. 

FIG. 4: Kouvel Fisher analysis of the Saturation Magnetisa- 
tion (Ms) plotted as a function of temperature. The inverse 
of the slope gives a value (3 = 0.372. 

FIG. 5: LnM plotted as a function of LnH for the isotherm 
measured at T=Tc- The inverse of the slope of the linear 
region gives a value of 8 = 4.72. 
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